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(54) VACUUM ARC VAPOR DEPOSITING DEVICE EQUIPPED WITH CHANGEOVER MEANS 
OF ELECTRODE 

(57)Abstract: 

PURPOSE: To continuously form a film consisting of a single ? 
layer, a multilayer and a composite layer on a base material by 
connecting the electrodes of a vacuum arc vapor depositing 
device with a DC power source for arc discharge via a polarity 
changeover means for alternately changing over the electrodes 
to a cathode and an anode. 

CONSTITUTION: Reactive gas can be introduced into a vacuum 
chamber 1 and the electrodes 2A, 2 B made of two or more 
substances evaporated by vacuum arc are provided therein. 
Further a base material 9 on which a film is formed by vacuum 
arc vapor deposition is housed in the vacuum chamber 1 . The 
electrodes 2A, 2B are connected with a DC power source 8 for 
arc discharge via a polarity changeover means 7 for alternately 
changing over the electrodes 2A f 2B to a cathode and an anode. 
Thereby a thin film can be formed on the base material by a 
vacuum arc vapor depositing method belonging to a physical 
vapor depositing method (PVD). 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s j 10WS wor d which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] In the vacuum arc vacuum evaporationo equipment which has two or more electrodes which generate vacuum 
arc discharge within a vacuum chamber, and form an insulating thin film in a base material front face By performing the 
polar change of each electrode which precedes that said electrode consists of vacuum arc evaporation source matter, 
respectively, have the electrode change means in which the polar change of said electrode is possible, and maintenance 
of arc discharge becomes difficult two or more times Vacuum arc vacuum evaporationo equipment characterized by 
being constituted so that it may become possible to continue membrane formation. 

[Claim 2] Vacuum arc vacuum evaporationo equipment according to claim 1 characterized by the vacuum arc 
evaporation source matter which constitutes said electrode differing in said each of electrode. 
[Claim 3] Vacuum arc vacuum evaporationo equipment according to claim 1 characterized by the vacuum arc 
evaporation source matter which constitutes said each electrode being the same matter. 

[Claim 4] The vacuum arc vacuum evaporationo approach characterized by continuing membrane formation by 
constituting said electrode from vacuum arc evaporation source matter, respectively, and performing the polar change of 
each electrode which precedes that maintenance of arc discharge becomes difficult two or more times in the vacuum arc 
vacuum evaporationo approach which generates vacuum arc discharge in inter-electrode [ which was installed in the 
vacuum chamber / two or more ], and forms an insulating thin film in a base material front face. 
[Claim 5] The vacuum arc vacuum evaporationo approach according to claim 4 characterized by forming multilayers in 
said base material front face by constituting said electrode from vacuum arc evaporation source matter which is different 
in each. 

[Claim 6] The vacuum arc vacuum evaporationo approach according to claim 4 characterized by the vacuum arc 
evaporation source matter which constitutes said each electrode being the same matter. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
(Field of the Invention) 

This invention relates to the vacuum arc vacuum evaporationo equipment which forms a thin film on a base material 
with the vacuum arc vacuum deposition belonging to physical vapor deposition (PVD), especially the equipment of the 
reactant arc ion plating which enables membrane formation of an insulating thin film. 
(Prior art) 

The vacuum arc vacuum deposition and equipment of the conventional technique are indicated by JP,58-3033,B. Fig.J) 
shows the example of representation of this equipment, and ****** the inside of a vacuum chamber (a) to the degree of 
vacuum of 10 to 3 or less Torrs, using this equipment. Vacuum arc discharge is made to start with means, such as a 
spark feeder (e), between the anodes (d) which have been arranged on the cathode (c) connected to the cathode of an arc 
power source (b) under this vacuum, and the outskirts of it, and were connected to the anode plate. When an arc spot 
(cathode spot) moves in the evaporation side top of evaporation source metals, such as a cathode (c), for example, Ti 
etc., at high speed, carry out evaporation ionization of the evaporation source metal with the energy, it is made to vapor- 
deposit toward the base material in a vacuum chamber (f), and membranes are formed. 

If reaction participating gas is introduced in a vacuum chamber, the reactant vacuum arc vacuum evaporationo which is 
made to vapor-deposit a compound with an evaporation metal, and forms membranes can also be carried out. 
As an anode (d), it installs around a cathode as mentioned above, and also as shown in F1G1 of JP,52-14690,B, the 
electrode prepared so that the base material in a vacuum chamber might be surrounded may be connected to an anode 
plate, and it may use as an anode. 

According to this technique, the thin film of various metallic compounds can be made to form on a base material by 
choosing the class and combination of the evaporation source metallic material of a cathode, and reaction participating 
gas. 

(Trouble which invention tends to solve) 

The class of film of the metallic compounds which are going to form membranes on a metal base with the 
aforementioned reactant vacuum arc vacuum evaporationo technique has the case of the oxide of insulating A1N besides 
conductive things, such as TiN, ZrN, HfN, TiC, Ti (C, N), CrN, and CrC, or a Ti02, Zr02, Hf02, V205 and 
aluminum203 grade, and (Ti, Zr) the mixed oxide of 02 grade. 

When it is going to form these insulating film with the equipment of the conventional technique, this insulating film 
accumulates not only on the front face of a base material but on the front face of an anode gradually, checks a flow of an 
anode front face, and makes maintenance of arc discharge impossible. Therefore, with the conventional technique, the 
insulating film has the problem that membranes cannot be stabilized and formed. 
(Means for solving a trouble) 

This invention shall be made in order to solve the above-mentioned problem of the conventional technique, it shall also 
make the electrode first used as an anode the same structure as the electrode used as a cathode as the solution means, 
and shall have, the evaporation side, i.e., the arc target, of an evaporation source metal. 

Thus, after making it the difference in the configuration based on a polarity not exist between two electrodes It connects 
with the anode plate of the DC power supply for arc discharge, and is used as an anode. By deposition of the generation 
film In order for the generation film to carry out evaporation disappearance of the electrode which makes maintenance 
of arc discharge difficult by the arc spot of the arc which it ****** to the cathode of the DC power supply for arc 
discharge, and is generated to it after fixed time amount, Between the DC power supplies for arcing, it connects through 
a polar change means, and two electrodes are taken as the structure which uses the old cathode as a new anode and can 
resume discharge again by using the old anode as a new cathode by making a change change of the polarity of two 
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electrodes at any time. 

Namely, this invention is set to the vacuum arc vacuum evaporationo equipment which has two or more electrodes 
which generate vacuum arc discharge within a vacuum chamber, and form an insulating thin film in a base material 
front face. By performing the polar change of each electrode which precedes that said electrode consists of vacuum arc 
evaporation source matter, respectively, have the electrode change means in which the polar change of said electrode is 
possible, and maintenance of arc discharge becomes difficult two or more times It is the vacuum evaporation system 
characterized by being constituted so that it may become possible to continue membrane formation. 
Moreover, when this invention constitutes said electrode from vacuum arc evaporation source matter in the vacuum arc 
vacuum evaporationo approach which generates vacuum arc discharge in inter-electrode [ which was installed in the 
vacuum chamber / two or more ], and forms an insulating thin film in a base material front face, respectively and 
maintenance of arc discharge performs the polar change of each electrode which precedes becoming difficult two or 
more times, it is the vacuum arc vacuum-evaporationo approach characterized by continuing membrane formation. 
(Work for) 

When forming insulating membrane formation on a base material using a reactant vacuum arc vacuum evaporationo 
technique, by the time the insulating film accumulates also on an anode front face and it becomes unmaintainable [ arc 
discharge ], there will be a certain amount of time allowances. Among this time amount, since an arc spot runs at 
random on a cathode front face and the surface evaporation source metal is evaporated as ** while the insulating film 
accumulates on an anode front face, deposition of the insulating film did not take place substantially, but the front face 
of a conductive evaporation source metal has always exposed it in a vacuum chamber. 

If the role of a cathode and an anode is replaced before maintenance of arc discharge becomes difficult when applying 
such a special feature and forming the insulating film on a base material using this invention equipment, the front face 
of the electrode which newly serves as an anode is conductivity, and by random movement of the arc spot by arc 
discharge also with the new electrode surface which newly serves as a cathode, the insulating film will evaporate, an 
evaporation source surface of metal will appear, and it will recover conductivity. Therefore, the inside of a certain time 
amount after polar exchange and re-energization becomes possible [ it being stabilized on a base material by 
continuation of stable arc discharge, and continuing membrane formation of the insulating film ]. It can be stabilized 
and membrane formation of the prolonged, insulating film can be made to perform by this repetition. 
(Example) 

Hereafter, each example which shows this invention in Fig. 1 -5 explains much more concretely. 
FigJ. shows the most fundamental example of this invention. In this vacuum arc vacuum evaporationo equipment, the 
interior of a vacuum chamber (1) is ******(ed) from evacuation equipment (not shown), and is vacuated by the pressure 
in which stable maintenance of vacuum arc discharge is possible. Moreover, reaction participating gas can be introduced 
via a reactant gas supply means (not shown). A vacuum chamber (1) is grounded. 

In a vacuum chamber (1), two electrodes (2 A) (2B) carry out phase opposite, and are arranged, and it is insulated and 
attached in the touch-down vacuum chamber (1) through the insulating material seal (3), respectively. The arc discharge 
initiation means (6A) (6B) which an electrode (2A) (2B) is the same structure, and has the evaporation side which 
consists of a target (5 A) (5B) of the evaporation source metal surrounded by the arc confinement means (4) in an 
opposed face by this invention, respectively, and becomes each from a trigger etc. is attached. 
It connects with the anode plate and cathode of the DC power supply for arcing (8) through polar change means (7), 
such as a circuit changing switch, and an electrode (2A) (2B) serves as an anode and a cathode by turns by change, and 
changes a role. 

The base material (9) as a processed material is arranged in the mid-position of two electrodes (2 A) (2B) at a pivotable 
table (10). A vacuum seal is maintained, and a vacuum chamber (1) is penetrated, and it insulates from it through the 
insulating material (3), and this table (10) can impress bias voltage (for example, RF) to a base material (9) through a 
table (10). However, it is not necessary to necessarily impress bias voltage to a base material (9). Therefore, using 
insulating materials, such as glass, as a base material does not interfere as this invention, either, except that conductive 
metal material is used as a base material again. 

This invention aims at enabling stable membrane formation of the insulating film. What is necessary is to use a cathode 
and the electrode (2B) of another side as an anode for one electrode (2 A), and just to make a cathode start arc discharge 
with an arc discharge initiation means (6A) like the conventional technique with the above-mentioned example 
equipment. 

In order to form by this invention, insulating film, for example, A1N film In the above-mentioned equipment, 
appropriate aluminum for a target (5 A) (5B), and N2 is appropriated for vacuum chamber (1) inner installation gas. If 
power-source connection is made an anode for one electrode, for example, (2A), a cathode, and other electrodes (2B), 
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arc discharge is performed to a cathodffind membrane formation is started With the A1N insulation film deposited on 
the front face of the electrode (2B) currently used as an anode with the passage of time, an arc discharge electrical 
potential difference rises and maintenance of discharge becomes difficult. Always new aluminum side has exposed the 
target front face of the electrode (2A) currently used as a cathode at this time according to the cleaning effect of an arc 
spot, and most A1N film has not adhered. Then, after said polar arc discharge initiation, when fixed time amount passes, 
a polarity with (2B) is changed to an electrode (2A) with a polar change means. If an electrode (2A) is made at an 
anode, power-source connection of the electrode (2B) is made at a cathode and an arc discharge initiation means (6B) is 
operated Resume the arc discharge to an electrode (2B) easily, and the A1N insulation film deposited on the target (5B) 
front face of an electrode (2B) is easily removed by the cleaning effect of an arc spot. While membrane formation of the 
A1N film to a base material (9) top is stabilized and is continued, deposition of A1N comes to take place to an electrode 
(2A) shortly. 

By repeating polar change actuation of such an electrode (2A) (2B) every fixed time amount, it can carry out now by 
stabilizing long duration membrane formation of the impossible insulating film with the conventional technique. ¥ig._2 
takes time amount along an electrode (2A) (2B) per axis of abscissa, and shows progress of the polar change by which 
the electrical potential difference was taken and shown on the axis of ordinate. 

In addition, at the time of the polar change of an electrode, although the time interval (T) of a between changed with a 
membrane type, membrane formation conditions, etc., in the case of the A1N film, the range for 1 / 10 seconds - several 
minutes was suitable for it. 

If the ingredient of the target attached in two or more electrodes does not necessarily need to be the same in this 
invention equipment, for example, Ti is used for a target (5 A), it uses Zr for a target (5B) and an enzyme is used for 
reaction participating gas As shown in Fig. 3 , the insulating film (1 1 A) of Ti02 and the film (1 IB) of Zr02 can form 
the multilayers formed by turns on a base material (9). 

This invention is not restricted only to the gestalt of an antipole nature shift change of 1 to two electrodes shown in 1st 
[ _**__]_Fig. example again. For example, 2 sets of a total of four electrodes can be held with each trigger in one vacuum 
chamber, and it can consider as the structure which establishes the DC power supply for arc discharge, and a polar 
change means for each class, and forms membranes on one base material. Since each class can be operated 
independently in this example, it is freed from the constraint carried out from polar switching time, and each thickness 
of multilayers can be changed or it can use for formation of bipolar membrane. 

Moreover, as other change examples, as shown in Fig. 4 , the gestalt equipped with one DC power supply for arc 
discharge (8) to four electrodes in 1 chamber (2C) (2D) (2E) (2F) is also taken into consideration. In this case, if the 
rotary switch of four 2 ream contacts to each electrode is used as a polar change means (7X), other one can be used as 
an anode by the ability using one of four electrodes as a cathode, and four electrodes can be formed as a cathode by 
circumference **** of a merry-go-round type. 

In this case, although it may change with the arrangement include angle of an electrode from 0 degree of opposite 
arrangement of the inter-electrode include angle (theta) used as a pair of cathode and ANOTO before 1 80 degrees of a 
parallel arrangement, even if this include angle is so large that the gas pressure in a chamber at the time of arc discharge 
is generally high, it discharges to stability. Moreover, there is an inclination which stabilizes and discharges, so that the 
distance of a cathode and an anode is near. It is desirable to carry out the right pair of a cathode and the anode, to bring 
them close as much as possible, and to arrange them in gas pressure 0.5mTorr extent in which it experimented, and 
constraint is not severe although the include angle between a cathode and an anode is so stable that it is small in gas 
pressure lOmTorr. It is desirable to opt for arrangement of an electrode in consideration of these inclinations. While 
working as an anode to each electrode, the insulating film accumulates, but since it works as a cathode while a polar 
change ** one time, the insulating film is removed by the cleaning effect of an arc spot, and is refreshed according to it 
in the meantime. Therefore, it is stabilized and the insulating film can be formed on a base material, 
since this invention can increase the number of electrodes which carries out a polar change to arbitration ~ 
corresponding — a polar change means — the above ~ the other various kinds 0 f2****** type of an example and a 
multistage rotary mold can be adopted, and a motor drive and a thyristor control can be adopted, and automatic change 
actuation of the switching mode can be carried out reasonable also in capacity alternatively variously and in tie MIG. 
Fig. 5 shows the deformation example which has arranged three electrodes to juxtaposition, and it can apply it 
advantageously to form Ti02 film to the base material of a plates configuration, such as a glass plate, and utilize other 
properties for it with insulation. 
(Effect of the invention) 

According to this invention equipment, it becomes possible to be stabilized and to implement membrane formation by 
the monolayer containing the insulating film to a base material top, the multilayer, and the vacuum arc vacuum 
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deposition of bipolar membrane continuously. 
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* NOTICES * 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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